Objective-To assess the influence of both sympathetic (plasma noradrenaline concentrations) and parasympathetic (baroreflex activation) tone on survival in patients with congestive heart failure. Design-Invasive study with determination of parasympathetic activity and follow up for at least 4 5 years. Subjects-35 patients with sinus rhythm and mild to moderate heart failure (New York Heart Association grades II-III) ( centration also contributed to survival. An additional contribution of vagal tone to survival could not be shown when sympathetic tone was considered simultaneously. This may be due to the inverse relation of sympathetic and parasympathetic tone and to the insensitivity of the multiple regression method to identify additional risk factors in small numbers of patients. (Br Heart J' 1995;73:517-522) 
Abstract
Objective-To assess the influence of both sympathetic (plasma noradrenaline concentrations) and parasympathetic (baroreflex activation) tone on survival in patients with congestive heart failure. Design-Invasive study with determination of parasympathetic activity and follow up for at least 4 5 years. Subjects-35 patients with sinus rhythm and mild to moderate heart failure (New York Heart Association grades II-III) (mean age 53 (SD 3)). Results-20 patients whose hearts survived were compared with 15 patients whose hearts did not (12 died and three received transplants). The two groups differed significantly in terms of mean arterial blood pressure (98 (3) v 90 (3) mm Hg), heart rate (82 (2) v 93 (4) beats/min), and mean pulmonary artery pressure (24 ( (74) pglml) at baseline. Baroreflex sensitivity was significantly lower in nonsurvivors than in survivors (1.i3 (0 2) v 2 3 (0.3) mslmmlHg); P < 0.02). As the time of cardiac transplantation is dependent on complex logistical factors the three patients who received a transplant were excluded from the analysis of survival time. The risk of death in relation to baroreflex sensitivity at the median sensitivity of 1-48 ms/mm Hg was calculated. Survival was significantly different (P < 0.04) between the resulting two groups; three of the 16 subjects with high baroreflex sensitivity died compared with nine of the 16 with a baroreflex sensitivity <1-48 ms/mm Hg. When systemic blood pressure, pulmonary artery pressure, stroke volume index, plasma noradrenaline concentrations, and baroreflex sensitivity were entered into a Cox proportional hazards regression, only systolic blood pressure and plasma noradrenaline values predicted survival (P < 0.001). Conclusions-Low vagal tone is correlated with a poor prognosis in patients with heart failure. Sympathetic tone measured as plasma noradrenaline concentration also contributed to survival. An additional contribution of vagal tone to survival could not be shown when sympathetic tone was considered simultaneously. This may be due to the inverse relation of sympathetic and parasympathetic tone and to the insensitivity of the multiple regression method to identify additional risk factors in small numbers of patients.
(Br Heart J' 1995;73:517-522) Keywords: renin-angiotensin-system; parasympathetic nervous system; prognosis; heart failure Ejection fraction and plasma noradrenaline concentration are important variables predicting survival in patients with congestive heart failure.'-3 Cohn and colleagues showed that noradrenaline concentration as a measure of sympathetic tone was inversely correlated with survival. 4 Patients with congestive heart failure have not only increased sympathetic activation but also decreased vagal (parasympathetic) tone.6 7 Baroreceptor activation reflects parasympathetic tone in that an increase in baroreceptor sensitivity indicates a greater decrease in heart rate when the baroreceptor is activated. Conversely, a decrease in baroreflex sensitivity is associated with a lesser decrease in heart rate with baroreceptor activation.8 Recent data showing that sudden death increased when baroreflex sensitivity was decreased in patients with myocardial infarction who did not have congestive heart failure underscore an important role for parasympathetic tone.9 10 We examined parasympathetic tone in patients with symptomatic heart failure. Our hypothesis was that parasympathetic tone itself would be an indicator of survival.
Patients and methods
We identified 35 patients with mild to moderate congestive heart failure (New York Heart Association grades II-III), and sinus rhythm. Heart failure was caused by idiopathic dilated cardiomyopathy in 28 patients and coronary artery disease in seven patients as confirmed by cardiac catheterisation. All patients were limited by symptoms and signs of heart failure and not by angina. Concomitant treatment with fi blockers was not allowed. The low proportion of patients with coronary artery disease and sinus rhythm was due to the fact that many patients were limited by angina and often treated with,B blockers at the time of evaluation and had to be excluded. At entry into the study the patients were investigated haemodynamically and their baroreflex sensitivity was determined. Twenty eight patients were taking diuretics and 26 patients were receiving maintenance treatment with digitoxin. Four patients received quinidine, one in combination with verapamil, and one patient received mexiletine. All patients were given an angiotensin converting enzyme inhibitor on discharge from the hospital after having been studied.
We used a modification of the Although not tested in this study, the repro- 26 (4) ducibility of baroreflex determination is good: there was no change in the slope of baroreflex sensitivity after administration of placebo in another study."3 Haemodynamic variables were measured by a Swan-Ganz catheter placed in the pulmonary artery. Cardiac output was measured by thermodilution. The mean of three determinations with a variation of <10% was taken as the cardiac output. Plasma renin activity and adrenaline and noradrenaline concentrations were measured by radioimmunoassay and radioenzymatic assay respectively. ' (SD) . A probability of P < 0 05 was accepted as significant.
Results
The patients were followed up for a minimum of 56 months. By this time 12 patients had died and three had undergone cardiac transplantation because of refractory heart failure. These 15 patients (non-survivors) were compared with the 20 patients whose hearts had survived the 56 months. As outlined in table 1, the groups did not differ in terms of aetiology of heart failure, age, and height but were marginally different in body weight. At the time of baroreflex determination survivors had a slightly greater systolic, diastolic, and mean systemic pressure; lower heart rate; and lower pulmonary artery pressure than the non-survivors (figure 1). Cardiac index, right atrial pressure, and systemic vascular resistance, however, did not differ. Serum sodium concentration was lower and the serum creatinine concentration slightly higher in non-survivors than in survivors. Plasma renin activity was higher in non-survivors than in survivors; however, adrenaline and noradrenaline values were not different. As shown in figure 2, both the maximal and the immediate baroreflex sensitivity were significantly lower in non-survivors than in survivors.
The patients who died were classified according to whether their death fitted the clinical classification of cardiac death. '7 We next compared all the above variables in the six patients within the non-survivors who died suddenly and the nine patients who died of progressive congestive heart failure or received a transplanted heart. None of the variables examined were significantly different between those who died suddenly and those who died of congestive heart failure or the received transplants (table 2) . curves showed that three of 16 subjects (19%) with a baroreflex sensitivity of 1 48 ms/mm Hg or above had died, compared with nine of 16 patients (56%) with a sensitivity below the median. When other variables thought to be related to prognosis were analysed by dividing the patients into two groups according to the median systolic blood pressure and systolic pulmonary artery pressure patients with a 4) . Dividing the patients into two groups according to noradrenaline concentration and stroke volume did not allow such differentiation. When the patients who received transplants were excluded five variables showed a univariate significant regression coefficient in terms of survival-namely, stroke volume index, the inverse of systolic blood pressure, pulmonary artery pressure, plasma noradrenaline concentration, and maximal baroreceptor sensitivity. The sequence of the variables considered in a stepwise procedure was derived from the significance level of the univariate analysis. Only two of these variables entered the multiple regression model (P < 0O001). These variables were systolic blood pressure and plasma noradrenaline concentration. The relation was defined by the Cox hazards Similar results were obtained when the three patients who received transplants were included in the analysis. their vagal tone was decreased.222' Patients after myocardial infarction but without congestive heart failure had a significantly higher risk of sudden cardiac death when the vagal tone was low.9 24 We did not, however, find a greater risk of sudden death in our patients with diminished vagal tone, even though the immediate baroreceptor response tended to be lower in the subjects who died suddenly than in those who did not. Deterioration of left ventricular function is associated with a decrease in parasympathetic tone.612 25 Vagal tone therefore identifies not only a subgroup at high. risk of sudden cardiac death but also a subgroup at high risk of pump failure. Both parameters are closely related to prognosis in heart failure; therefore indices of vagal tone are associated with both sudden cardiac death and terminal myocardial dysfunction, as we found in this study.
The sympathetic and parasympathetic nervous systems are regulated as an inverse servo mechanism: when sympathetic tone increases, parasympathetic tone decreases. Thus, sympathetic tone may have been greater in the patients who died than in those who had a better prognosis. The variability of plasma noradrenaline values precluded our showing a difference in the sympathetic tone of these two groups or a significantly different survival in the two groups on dividing the patients according to median noradrenaline concentrations. However, the multiple regression analysis we performed accepted only systolic blood pressure and plasma noradrenaline values. Since sympathetic and parasympathetic tone are highly inversely correlated, it is not surprising that the model accepted only one of these variables.
We did not determine left ventricular ejection fraction, which is a prognostic indicator in patients with congestive heart failure,23 but we found that other variables reflecting a poor left ventricular function were related to prognosis. When the median of systolic blood pressure or systolic pulmonary artery pressure was used to define two groups a significantly worse prognosis was found in patients with low systolic blood pressure or high pulmonary artery pressure. The multivariate approach, however, considers the study variables in their order of importance. We believe that systolic blood pressure reflected poor left ventricular function in our patients as blood pressure is determined in patients with depressed left ventricular function by the heart's ability to adequately supply the tissues at the required afterload. Schwartz et al reported similar findings, in that they were also able to show an independent contribution of systolic left ventricular pressure on prognosis.' Clinical studies have shown the importance of reduced sympathetic tone on the prognosis of congestive heart failure.52628 In addition, clinical intervention trials have shown that by decreasing the activity of the renin-angiotensin system and the sympathetic nervous system, the prognosis of patients with congestive heart failure may be improved.27 [29] [30] [31] [32] Angiotensin converting enzyme inhibitors would be expected to increase parasympathetic tone by two mechanisms. The lower angiotensin II concentrations could influence vagal tone centrally by acting at the area postrema, an area of the brain where the blood-brain barrier is particularly sensitive to the influences of circulating concentrations of angiotensin II.33 Furthermore, global haemodynamic improvements evoked by angiotensin converting enzyme inhibitors would be expected to improve parasympathetic tone. Thus, parasympathetic tone may extend beyond heart rate responses. For instance, in patients with severe mitral insufficiency an increase in vagal tone was associated with improved haemodynamics.'4 Finally, we recently showed an increase in cardiac vagal activity after angiotensin converting enzyme inhibition.'2 This was confirmed by Binkley et al, who found an augmentation of vagal tone after treatment with converting enzyme inhibitors in patients with heart failure. The effects of converting enzyme inhibitors may be partly mediated in this way. For instance, studies in humans suggest that the antiarrhythmic action of converting enzyme inhibitors may be based on the suppression of foci triggered by ischaemia22 23 or the suppression of ventricular tachycardia.35 This conclusion is supported by the results of the second vasodilator heart failure trial, in which the incidence of sudden death was reduced with enalapril compared with hydralazineisosorbide dinitrate in patients with mild heart failure. 27 36 
